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(54) MCrAlY type alloy coating 

(57) A gas turbine component consists of a super- 
alloy base material with a single crystal structure and a 
protective MCrAIY-coating (6). The MCrAIY-coating (6) 


has a Y/y single crystal structure, which is epitaxial with 
the base material. It has be determined the critical fac- 
tors for the successful epitaxial growth of the MCrAIY- 
coating (6). 



o 
o> 

CM 



Q. 

LU 




Fig. 2 



Printed by Jouve. 75001 PARIS (FR) 



JUN-17-2004 03:08 



+41 56 205 66 20 



P. 12 



17- 6-04 ; 8:52 :ALSTOM TechnoK Ltd turns, swecker 56 205 66 20 * 13/ 20 



EP 1 295 970 A1 

Description 

FIELD OF INVENTION 

5 [00011 1"^® invention relates to a MCrAIY-coating according to the preamble of claim 1 . 
STATE OF THE ART 

[0002] Components designed for the use in the area of high temperature, e.g. blades or vanes of a gas turbine, are 

10 usually coated with resistant coatings, The coating protects the base material against corrosion and oxidation due to 
the thermal effect of the hot environment and consists of an alloy mostly using the elements Al and Cr. l\/lost turbine 
components are coated for the protection from oxidation and/or corrosion with, for example, a MCrAlY coating (base 
coat) and some are aiso coated with a thermal barrier coating (TBC) for thermal insulation. MCrAlY protective overlay 
coatings are widely known in the prior an. They are a family of high temperature coatings, wherein IVl is selected from 

'5 one or a combination of iron, nickel and cobalt. As an example US-A-3.528.861 or US-A-4, 585,481 are disclosing such 
kind of oxidation resistant coatings. US-A-4, 152,223 as well discloses such method of coating and the coating itself. 
Besides the yp-I^CrAlY-coating, there is another class of overlay MCrAiY coatings which are based on a yY-Qa'Ti'T^a/ 
gamma prime-stnjcture. The advantages of yy-coatings is that they have a negligible thermal expansion mismatch 
with alloy of the underlying turbine article. For higher thermal fatigue resistance the yy-coating are more convenient 

20 compared to the 7/p-typ© of MCrAlY-coattngs. A higher thermal fatigue resistance in coatings is most desirable since 
failure of the most turbine blades and vanes at elevated temperature is typically thermal fatigue driven. 
[0003] Among Y/V-coatings and y/p-coatings, the field of yp<coatings have been an active area of research and a 
series of patents has been issued. E.g. a Ni-CrAlY coating is described in U5-A-3 ,754,9 03 and a CoCrAlY coating in 
US-A -3,676,058. US'A-4,346,137 discloses an improved high temperature fatigue resistance NiCoCrAlY coating. 

25 US-A-4.419,41 6, US-A-4,585,481 , RE-32.121 and tJS-A-A-4,743,51 4 describe MCrAlY coatings containing Si and Hf. 
US-A-4,31 3,760 discloses a superalloy coating composition with good oxidation, corrosion and fatigue resistance. 
[0004] In contrast to the y/p-coatings, the yy -type of MCrAlY coatings, known e.g. from US-A-4, 973, 445, are relatively 
new. The unique feature of this type of yy-coatings is that their thermal expansion mismatch is close to zero in com- 
bination with a high ductility, what make these coalings more resistant to thermal fatigue. However the limitations are 

30 the low aluminum content and hence their low resen/oir of aluminum. 

[0005] Furthermore, US-A-4,758,48a discloses a class of coatings whose composition is based on the composition 
of the underlying substrate. The similarity in phase structure and in the chemical composition renders the mechanical 
properties of the coating similar to those of the substrate thereby reducing thermomechanically-reduced damage during 
service. However, when this coating is applied by traditional means on the single crystal substrate, the difference in 

35 the E-modulus between <01 0> oriented surface layer of the substrate and randomly oriented coating grains produce 
high TMF damage. 

[0006] US'A- 5,232,789 discloses the further improvement of the T^F properties of the coating-subslratc system. 
The coaling, whch has composition and phase structure similar to the substrate alloy, has at least 1 000 times more 
fine-grained structure, produced by a special technology. The lowermost interface portion of the fine-grained coating 
40 grows epitaxially, and therefore has the same crystal orientation as the substrate. Epitaxial growth solves also coating 
/ substrate interface adhesion problem. 

[0007] However, the system of a single crystal substrate and the multicrystal coating still has a large difference in 
the mechanical behavior between the substrate and the coating as any equiaxed structure possesses E-modulus much 
higher than those for single crystal material in <001> direction. Higher E-modulus reflects in lower TMF life of the 
45 coating compared to the substrate (although the stresses on substrate-coating interface are significantly reduced com- 
pared to the traditional coating - substrate system}. Multiple grain boundaries drastically reduce the creep resistance 
of the fine-grain coating, which finally detenmines lite of the entire blading system. 

[0008] Therefore, in general, US-A-6,024,792 is disclosing a method for producing monocrystalline structures on 
substrates with monocrystalline structures by using an energy beam of high energy from an energy source. The material 
so which is to be introduced into the monocrystalline structure is supplied to the melted region of the substrate. The 
supplied material is completely melted. An similar method is known from EP-A1-740 977. 

[0009] More special, EP-A1 -1 001 055 is disclosing a MCrAIY-coating and a method of depositing the coating, where- 
by the coating is epitaxially on the base material and the coating is grown with a single crystal structure. The coating 
is applied by laser cladding. It was found, in fact, that it was difficult to grown a defect free epitaxial coating with the 
ss mentioned yy fomi in g coating material within this document. When using other commercially available highly oxidation 
resistant alloys for the laser cladding process, the single crystal microstructure can not be maintained. Hot tearing 
cracks and the breakdown of single crystal solidification occur in the cladded structure, which results in the fomnation 
of undesirable equiaxed grains. 
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SUMMARY OF THE INVENTION 



[001 0] it Is object of the present invention to find a 7/Y-MCrAIY-coating and to determine in detail the parameter of 
cladding a defect free, epitaxial coating on a single crystal article. The epitaxial coating is grown on the single crystal 
5 substrate, which means that it has the same crystallographic orientation as the substrate. 

[001 1] According to the invention a bond MCrAIY-coating according to the preamble of claim 1 was found, wherein 
the MCrAlY has a //-phase and wherein the MCrAlY comprises less than 1 .2 wt.-% Si. 

[0012] Another condition for advantageous embodiment the epitaxial solidification of the coating is that the solidifi- 
cation temperature interval ATq of the MCrAlY-coatlng is smaller than 30*C. 
10 [0013] To obtain the y/Y structure of the coating the last 5% of the MCrAI Y-coatlng liquid must solidify in a temperature 

inten/al AT^ smaller than 15°C. 

[001 4] Both factors, a small solidification interval and the last 5% of the liquid, here determines the width of the mushy 
zone, the narrower the mushy zone the lower Is the susceptibility for hot tearing during the cladding process. 
[0015] To obtain a small solidification interval ATq the composition of the MCrAIY-coating should be as close as 
IS possible to the eutectic line on the y-phase side of the euieclic line of the ternary phase diagram Ni - Al • Cr. 

[0016] As an example the MCrAIY-coatIng has the following composition (wt.-%) 18-26.0 % Cr, 5-8.0 % Al, 0,1-1 .2 
% Si, 0.4 - 1 .2 % Y, 0 - 0.1 % Hf and 0. 1 - 1 .2% Ta, balance Ni and unavoidable impurities with with I(AI + SI) < 1 0 %. 
IfSi + Ta)<2.5 %. I(Y+Hf+Zr+La)< 1 .5 %, C max. 0.03 %. 

[001 7] Advantageous to obtain a small solidification interval, the coating will comprise an addition of Si up to O.Swt.- 
so %, Hf up to 0.5wt.-%, Y below 0.5 wt.-%, Ta below 3 wt.-% 

[0016] For increased oxidation resistance the coating may contain Fe, Ga, Mg, Ca individually or a combination 
thereof. 

[0019] In an advantageous embodiment, the MCrAIY-coating is applied by laser cladding with a thickness of 1 00 to 
300 p.m and the article is a gas turbine component made a from nickel base super alloy 

25 

BRIEF DESCRIPTION OF DRAWINGS 



[0020] This invention is illustrated In the accompanying drawing, in whch 

30 Fig. 1 shows a schematic representation of a laser cladding process, 

Fig. 2 shows an example of an epjtaxially 7/y -MCrAI-coating according to the invention and 

Fig. 3 shows an example of an non epitaxially y-/-MCrAt-coating. 

[0021 ] The drawings show only parts important for the invention. 

35 

DETAILED DESCRIPTION OF INVENTION 



[0022] This invention is related to a method of epitaxially growing a MCrAIY-coating 6 having a yy-microstructure 
onto a surface 5 of an article 4 such as blades or vanes of gas turbines or any other part which is exposed to a hot 
40 temperature environment. The article 4 has a single crystal (SX) staicture and can be made, as an example, from a 
nickel base super-alloy Nickel basesuperalloys are known in the state of the art, e.g. from the document US 5,863.451, 
US 5,759,301 or from US 4,643,782, which is known as ''CMSX-4''. In general, figure 1 shows a laser cladding process 
which is characterized by impinging particles of the MCrAIY-coating material with a powder jet 1 onto a molten pooi 2 
formed by controlled laser heating by scanning the laser beam 3 successively over the surface 5 of the single crystal 
article 4, The arrow 7 shows the direction of the movement over the article 4. 

[0023] The laser cladding technology has been used to apply an epitaxial yy-MCrAIY-coating 6 with 1 00 - 300 ^ 
thickness on the single crystal superalloy article 4. The coating 6 is epitaxially grown on the artk^le 4, which means 
that it has the same crystal onentation as the article 4. 

[0024] it has be found that the following factors are critical for the successful epitaxial growth of the MCrAIY-coating 
50 6. The solidification inlen/al aTq of the coating 6 must be narrow. To obtain a small solidification interval ATq of the 
MCrAIY-coating the MCrAlY comprises less than 1 .2 % Si. As an example the solidification inten/al ATq shall be 30'C 
and smaller. The solidification interval must be low to enable the growth of SX microstructure and to prevent hot tearing. 
The smaller ATg Is the bigger the process window, which allows the SX growth without any equiaxed grain. 
[0025] The MCrAlY coating 6 has a designed solidification inten/al ATq by alloying with a controlled amount of certain 
55 elements. The solidification inten/al ATq increases or decreases with the addition of the elements such as Si, Hf, Zr, 
Y, Ta. Furthermore, the SX-MCrAlY coating 6 design results in a chemical composition close to the eutectic line on the 
y-phase side of the eutectic line of the phase diagram of nickel-chromium-aluminum ternary. The closer one gets to 
the eutectic line the narrower the solidification inten/al ATg. Here, ATq is mainly controlled by the Al content of the 
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coating 6. The coating 6 may contain the eiements Si, Hf and Zr and a smail addition of Ta, Fe. Ga. Mg. Ca individually 
or a combination thereof as well for increased oxidation resistance. 

[0026] A yy-MCrAI Y-coatIng 6 according to the invention can have the preferred range of following composition (wt. 
%): 18 - 26.0 % Cr. 5 - 8.0 % Al, 0.1 - 1 .2 % Si, 0.4 - 1 .2 % Y. 0-0.1 7o Hf, 0.1 - 1 .2 % Ta, balance Ni and unavoidable 
5 impurities with I (Al + Si) < 1 0 %, 1 (Si + Ta) < 2.5 %. Z (Y+ Hf ^ Zr +La) < 1 .5 %. C max. 0.03%. 

[0027] In addition, in an advantageous embodiment to obtain a favorable, low solidification interval ATq, the concen- 
tration of minor elements in the coating should be Si up to 0.5 wt.-%, Hf up to 0.5 wt.-%, Y below 0.5 wt.-% and Ta 
below 3 wt.-% 

[002B] The concentration of the minor elements such as Y, Zr and Ta must also be adjusted to prevent formation of 
10 brittle Ni (Ta, Si) phases containing these elements. 

[0029] Another important factor is that the last 5% liquid should solidify in a AT^ interval smalJer than 1 S^C in order 
to prevent hot tearing. The AT^ here determines the width of the mushy zone, the narrower the mushy zone the lower 
is the susceptibility for hot tearing during the cladding process. 

[0030] The composition of the MCrAlY should be adjusted to avoid precipatlon of Cr-rich Sigma or any other unde- 
15 sirable phases. The brittle sigma phases are detrimental to the mechanical properties of the coating. 
[0031] Examples of 7/y-MCrAlY coating according to the invention are shown in table 1 . (wi.-%) 



Tab.1 



Example 


Ni 


Cr 


Al 


Ta 


Si 


Y 




ATo^C] 


1 


Bal. 


25 


6 






0.4 




25 


II 


Bal. 


16.5 


5.5 






0.4 




25 


SV20 


Bai. 


24 


5 


1 


2.5 


0.5 




95 



25 

[0032] It is to be noted that the ATq of coatings I and II in table 1 is approximately ZS'C, while the ATp of SV20 is 
SS'C. The coatings I and (I can be deposited on a substrate as single crystal but not SV20. Since ATq of SV20 is much 
higher than 30''C, it is difficult to produce SV20 in single crystal fomi instead a mixture of single crystal and equiaxed 

structure is formed. 

3Q [0033] On the other hand, when the laser parameters e.g. such as laser power, scanning speed, protection gas are 
optimized and balanced against each other for the deposition of a SX-MCrAlY coating 6 onto a SX base material. The 
alloy design of the newly i^CrAlY coating 6 supports the maintenance and growth of the SX coating. 
[0034] The Example of Fig. 2 shows a result of a coating from this invention with a fuliy SX-structure and no cracks. 
The condition of the annexed claim have been fulfilled. The very even and parallel dendrite simcture indicate the SX 

35 structure of the clad, which has been also proven with the Electron Back Scattering Diffraction (EBSD) KIkuchi tech- 
nique. 

[0035] In contradiction Fig. 3 shows an example of a non-epitaxially nucleation at the CMSX-4 substrate. Although 
cladded with optimized Laser parameters the coaling material was very difficult to apply. Outside of the rage of the 
conditions of the claims it is very susceptible to hot tearing and breakdown of SX structure. 

40 

REFERENCE NUMBERS 
[0036] 

45 1 powder jet 

2 molten pool 

3 laser beam 

4 arttole 

5 surface of article 4 
so 6 coating 

7 direction of movement 

ATq Solidification interval of coating 6 

AT^ Solidification interval of last 5% liquid of coating 6 

55 



4 



JUN-17-2004 03:10 



Jl 



+41 56 205 66 20 



P. 15 



17- 6-04; 8:52 :ALSTOM Techno I. Ltd 



burns, swecker : +4 1 56 205 66 20 # 16/ 20 



EP1 295 970A1 

Claims 

1. An article (4) having a surface (5) and a single crystal structure, the article (4) coated with protective iVlCrAIY- 
coatlng (6), which MCrAlY is epitaxially grown on Ihe surface (5) of the article (4), wherein the MCrAlY has aW- 

5 Structure end wherein the MCrAiY comprises less than 1 .2 wt.-% Si. 

2. The article (4) according to claim 1 , wherein the MCrAI Y-<:oating (6) has a solidification temperature interval (ATq) 
of smaller than 30'C. 

10 3. The article (4) according to claim 1 , wherein the MCrAIY-coating (6) has a temperature interval (aT^) of the last 
5% liquid of smaller than 1 5*0. 

4. The article (4) according to any of the claims 1 to 3, wherein the composition of the MCrAIY-coating (6) is close to 
the eutectic line on the y-phase side of the eutectic line of the ternary phase diagram Ni - Al - Cr. 

15 

5. The article (4) according to claim 1 , wherein the MCrAIY-coalIng (6) comprises the following composition (wt.-%) 
1 8 - 26.0 % Cr. 5 - 8.0 % Al. 0.1 - 1 .2 % Si. 0.4 - 1 .2 % Y, 0 - 0.1 % Hf, 0.1-1 .2% Ta, Balance Ni and unavoidable 
Impurities with I (Al + Si) < 1 0 %. S (Si + Ta) < 2.5 %, Z (Y+ Hf + Zr +La) < 1 ,5 %, C max. 0.03 %. 

20 6. The article (4) according to claim 1 , wherein the MCrAIY-coating (6) comprises (wt.-%) Si up to 0.5 %, Hf up to 0.5 
%, Y < 0.5 % and Ta < 3 % individually or a combination thereof. 

7. The article (4) according to any of the claims 1 to 6, wherein the coating (6) comprises an addition of Fe, Ga. Mg, 
Ca individually or a combination thereof. 

25 

8. The article (4) according to any of the claims 1 to 7, wherein the coating (6) has a thickness of 1 00- 300 ^m. 

9. The article (4) according to any of the claims 1 to 6, wherein the MCrAIY-coating (6) Is applied by laser cladding. 

30 1 0. The article (4) according to any of the claims 1 lo 9, wherein it is a gas turbine component made from nickel base 
super alloy 
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